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(57) Abstract: An electro-mechan- 
ical vehicle power transmission (10) 
comprises two planetary trains (12, 
14) defining mechanical pathways, 
two electric machines (20, 22) 
defining an electrical pathway, 
and at least one torque transfer 
device (24) that can selectively 
couple between one component and 
another component or components 
to transfer torque. Each planetary 
train includes a sun member (12A, 
14A), a ring member (12B, 14B), 
and a plurality of planet members 
(12C, 14C) engaged with the ring 
member and the sun member. Each 
planetary train includes a planet 
carrier (12D, 14D) configured to 
hold the planet members in an 
annular space between the ring 
member and the sun members. Each 
electric machine can be operated 
either as a motor to covert electrical 
energy to mechanical energy or 
as a generator to convert mechanic 
energy to electric energy. A first 
external coupler (16) receives 
mechanical power from a prime 
mover while a concentrically 
disposed second external coupler 
(18) delivers mechanical power to 
a driven member. 
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ELECTRO-MECHANICAL INFINITELY VARIABLE TRANSMISSION 

Technical Field 

The present invention relates generally to a vehicle power transmission, 
and in particular, to a vehicle power transmission which blends the features of a 
5 series-hybrid transmission configuration, a parallel-hybrid transmission 
configuration, a pure electric drive transmission, and a pure mechanical drive 
transmission over the entire speed range of the vehicle, leveraging the benefits 
of the series-hybrid configuration and pure electric drive transmissions during 
slow speed operation and the benefits of the parallel-hybrid configuration and 
10 pure mechanical drive transmissions during high-speed operation. 
Background Art 

A vehicle power transmission is an important part of a vehicle power 
train. The primary function of a vehicle power transmission is to regulate 
vehicle speed and torque delivered to the driven wheels from a driving engine to 

15 meet operator demands for speed and acceleration. The major requirements for 
vehicle power transmissions are speed ratio ranges, torque capacity, 
transmission and system efficiencies, weight, and cost. 

There are two types of conventional vehicle power transmissions: 
stepwise and step-less. Stepwise transmissions, using multiple gear sets and 

20 clutching devices, are quite popular. The speed ratio changes are accomplished 
in discrete steps by engaging different gears in the power transmission pathway. 
Speed ratio changes are often associated with interruptions in both speed and 
torque. The output speed variation between two speed ratios is realized by 
varying the input speed supplied by the driving engine. A major disadvantage of 

25 a stepwise vehicle power transmission is system efficiency, since the engine 
cannot always operate at its most efficiency speed. For the same reason, 
pollution is also a problem for a vehicle with a stepwise power transmission. 

Step-less transmissions provide a continuously variable speed ratio 
change. With a step-less transmission, it is possible to operate a driving engine 

30 at an optimal speed and, therefore, keep the engine at its peak efficiency. 
Common types of step-less transmissions include hydrostatic drives and friction 
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drives or traction drives (i.e. toroidal drives, belt drive continuously variable 
transmissions (CVTs)). 

Hydrostatic traction drives have several drawbacks. The hydrostatic 
traction drives are noisy and have low efficiency, and as such, they generally are 
5 used only for low speed applications such as agriculture machines and 
construction equipment. Traction drives are more efficient, but they are less 
rugged for handling large torque loads. Overall, many traction drives are usually 
quite heavy and costly to manufacture. 

Recent developments in step-less transmissions has been in the area of 
10 electro-mechanical transmissions, such as European Granted Patent No. EP 
0755818 Bl and Tenberge, P., (1999), "Electric-Mechanical Hybrid 
Transmission," Proc. International Congress on Continuously Variable Power 
Transmission, Eindhoven University of Technology (hereinafter "Tenberge"). 

Most of the newly proposed electro-mechanical transmissions operate on 
15 a power-split concept historically developed for hydrostatic drives. In a power- 
split transmission, there exists multiple parallel power paths. There are two 
basic power-splitting devices, a single planetary unit and a compounded 
planetary unit that comprises two nested sub-planetary sets. When properly 
connected with two electric machines, a single planetary electro-mechanical 
20 transmission is capable of producing at least one point in speed ratio where no 
power is passing through the electric machines and all power transmitted is 
passing through a mechanical path. This point is referred to as the mechanical 
node point. For an electro-mechanical transmission there is no energy 
conversion at the mechanical node point from mechanical form to electric form 
25 and back to mechanical form. Thus, the transmission yields the maximum 
efficiency. An electro-mechanical transmission with a single planetary train is 
called single node system. An example of such a system is the Toyota Hybrid 
System now in limited production. 

However, as the output-to-input speed ratio of the transmission moves 
30 away from the node point, the power to the electric machines in a single-node 
system increases significantly. The power that is circulated between the two 
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electric machines can far exceed the power that the transmission is transmitting. 
Such internal power circulation occurs at speed ratios either above the node 
point when one motor is connected to the output shaft or below the node point 
when one motor is connected to the input shaft. Internal power circulation 
5 generates heat and power loss and offsets the efficiency benefit otherwise 
provided by the transmission. For this reason, the effective speed ratio range is 
limited. To cover a useful speed ratio range, oversized electric machines are 
often used. 

To reduce or restrict internal power circulation, sophisticated control 

10 systems were developed for the Toyota Hybrid System. These control systems 
monitor the torque value of the electric motor and shift the driving engine to 
another driving point of higher speed. In other words, the control system limits 
the output-to-input speed ratio to the node point or slightly above. 

In contrast to a single-node system, an electro-mechanical transmission 

1 5 with a compound planetary unit is considered a two node system which contains 
four branches. When two of its four branches are connected to two electric 
machines, it can produce at least two mechanical node points where no electric 
power is passing from the input of the transmission to the output through the 
electric machines. As with single planetary unit, a two-node system also suffers 

20 from the internal power circulation problem. Internal power circulation occurs 
outside the two node points, below the first node point or above the second node 
point. But in general, a two-node system has a wider speed ratio range than a 
single node system. 

To extend the speed ratio range and overcome excessive internal power 

25 circulation, multi-regime (also called multi-mode) infinitely variable 
transmissions, analogous to speed ratio shifting in stepwise transmissions, have 
been proposed. 

Various configurations of variable, two-mode, power split, parallel, 
hybrid electric transmissions are also known. They all employ at least a 
30 compound planetary set along with other gears and shifting devices and two 
electric machines. The two-mode design provides adequate speed ratio range 
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where the first mode covers slow vehicle speed operation and the second mode 
covers relatively high-speed operation. The mode shifting in a two-mode design 
is achieved through the use of clutches and synchronized gear sets, resulting in a 
complex design. 

5 In the first mode, there exists a pure mechanical node point. In the 

second mode, there are two mechanical node points. At each mechanical node 
point, there is no energy conversion from mechanical form to electric form and 
back to mechanical form. Thus, the transmission operates at maximum 
efficiency. 

10 Away from the node points, the power to the electric machines increases. 

In fact, the power to electric machines increases rapidly as the vehicle's speed 
drops below the first node point in the second mode operation. Therefore, the 
transmission has to go through a mode shifting in order to configure for slow 
speed operation. As mentioned before, this shifting requires synchronizing gear 

15 sets. Although the shifting is continuous in speed, it is not continuous in torque 
and power. 

Shifting between different modes presents an interesting challenge. It is 
often associated with a torque and a power interruption. Various means have 
been disclosed in prior art to perfect synchronizing mechanisms. To reduce 

20 torque interruption due to torque reversals in electric machines, Tenberge 
presented a means of using electronically controlled hydraulic clutch and brake 
packs to retain the torque balance and facilitate the mode shifting through 
differential engagement. 

U.S. Patent No. 6,203,468 illustrates a speed and torque control method 

25 to prevent speed and torque fluctuations during mode switching from series 
drive to parallel drive. The basic strategy is to match the speeds of the two 
electric machines and reduce the driving engine torque to zero at the switching 
point. Since the driving engine operating at switching point produces zero 
power, an on-board energy storage device is required for such system. 



30 
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Summary of the Invention 

Among the several objects and advantages of the present invention are: 
The provision of a simple, compact and low cost solution to 

continuously variable electro-mechanical vehicle power transmissions which 
5 eliminates internal power circulation and provides smooth, non-interruptive 

continuous shifting in speed, torque, and power between regime or mode 

changes; 

The provision of a vehicle power electro-mechanical transmission which 
provides a high transmission efficiency over wide speed ratio range, from very 

10 low speed, down to vehicle stop, up to very high speed as in highway operation, 
and includes at least two mechanical link points where no power is passing from 
one external coupler to the other external coupler through the electric machines; 

The provision of an electro-mechanical vehicle power transmission 
which, for the entire designed speed range, from reverse to zero output speed 

15 and to highway output speed, is capable of restricting the magnitude of power to 
electric machines below the input power levels, eliminating internal power 
circulation; 

The provision of an electro-mechanical power transmission which 
blends a series-hybrid transmission configuration, a parallel-hybrid transmission 

20 configuration, a pure electric drive transmission, and a pure mechanical drive 
transmission over an entire speed range, leveraging the benefits of the series- 
hybrid configuration and pure electric drive transmissions during slow speed 
operation and the benefits of the parallel-hybrid configuration and pure 
mechanical drive transmissions at medium to high speed operation; and 

25 The provision of an electro-mechanical power transmission which is 

suitable for a having an input shaft and an output shaft mounted in a concentric 
configuration. 

Briefly stated, the electro-mechanical vehicle power transmission of the 
present invention comprises two planetary trains, two electric machines, and at 
30 least one torque transfer device that can selectively connect one component to 
another component or components to transfer torque. Each planetary train has a 
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ring member, a sun member, and a plurality of planets that are engaged with the 
ring member and the sun member. Each planetary train has a planet carrier that 
holds the planets in the annular space between the ring and the sun members. 
Each electric machine can be operated as a motor to covert electric energy to 
5 mechanical energy or as a generator to convert mechanic energy to electric 
energy. A first external couplers receives mechanical power from a prime mover 
while a second external coupler delivers mechanical power to a drive axle. 

At least one member of the first planetary train is operatively connected 
to one of the electric machines, and at least one member of the first planetary 
10 train is operatively connected to one of the external couplers. 

At least one member of the second planetary train is operatively 
connected one of the electric machines, and at least one member of the second 
planetary train is operatively connected to one of the external couplers. 

At least one operative connection is provided between one member of 
15 the first planetary train and one member of the second planetary train. A second 
operative connection of a second member of the first planetary train to a second 
member of the second planetary train is selectively provided. 

A brake is included which is configured to selectively hold at least one 
member of the planetary trains stationary. 
20 The foregoing and other objects, features, and advantages of the 

invention as well as presently preferred embodiments thereof will become more 
apparent from the reading of the following description in connection with the 
accompanying drawings. 
Brief Description of Drawings 
25 In the accompanying drawings which form part of the specification: 

Figure 1 is a representation of a first embodiment of an electro- 
mechanical hybrid power transmission of the present invention; 

Figure 2 is a graphical representation of motor/generator speed as a 
function of output speed under constant driving engine speed and power; 
30 Figure 3 is a graphical representation of motor/generator torque as a 

function of output speed under constant driving engine speed and power; 
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Figure 4 is a graphical representation of motor/generator power as a 
function of output speed under constant driving engine speed and power; 

Figure 5 is graphical representation of the operational regimes of the 
hybrid electro-mechanical power transmission of Figure 1; 
5 Figure 6 is a representation of an alternate embodiment of an electro- 

mechanical hybrid power transmission of the present invention; 

Figure 7 is a representation of a second alternate embodiment of an 
electro-mechanical hybrid power transmission of the present invention; and 

Figure 8 is a representation of a third alternate embodiment of an 
10 electro-mechanical hybrid power transmission of the present invention. 

Corresponding reference numerals indicate corresponding parts 
throughout the several figures of the drawings. 
Best Mode for Carrying Out the Invention 

The following detailed description illustrates the invention by way of 
15 example and not by way of limitation. The description clearly enables one 
skilled in the art to make and use the invention, describes several embodiments, 
adaptations, variations, alternatives, and uses of the invention, including what is 
presently believed to be the best mode of carrying out the invention. 

Referring to Figure 1, an electro-mechanical hybrid transmission of the 
20 present invention is indicated generally at 10. The electro-mechanical hybrid 
transmission 10 comprises first planetary train, indicated generally at 12, and a 
second planetary train, indicated generally at 14. 

Each planetary train includes a sun member 12 A, 14A, a ring member 
12B, 14B, a plurality of planet gears 12C, 14C, and a planet carrier 12D, 14D. 
25 The ratio of the pitch diameter of the ring member 12B, 14B to the pitch 
diameter of the sun member 12 A, 14A for each planetary train is referred to as 
the planetary ratio. The planetary ratio of the first planetary train 12 is denoted 
as Ki and the planetary ratio of the second planetary train is denoted as K 2 . 

A first external power coupler 16 (also referred to as an input shaft) is 
30 directly connected to the first ring member 12B and adapted to receive input 
mechanical power. A second external power coupler 18 (also referred to as an 
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output shaft) is concentrically disposed relative to the input shaft 16, and is 
connected to the first planet carrier 12D and to the second planet carrier 14D to 
deliver output power to a driven component such as a drive axle or wheel. A 
first electric machine 20 is connected to the first sun member 12 A, and a second 
5 electric machine 22 is concentrically disposed relative to the first electric 
machine 20, and is connected to the second ring member 14B. 

A torque transfer device 24, such as locking clutch, selectively couples 
between the first sun member 12A of the first planetary train 12 and the second 
sun member 14A of the second planetary train 14, while a brake 26 selectively 
10 grounds the second sun member 14A of the second planetary train 14 to a 
ground (i.e. fixed), non-rotational member 28 of the electro-mechanical hybrid 
transmission 10. 

The first electric machine 20 is connected to the second electric machine 
22 through a power-regulating device 30 (also known as a power control unit) 

15 such that each electric machine 20, 22 can receive electrical power from, or 
deliver electrical power to, the other electric machine 20, 22. An energy storage 
device 32, such as a battery or capacitor may also be used so that each electric 
machine 20, 22 can receive electrical power and/or deliver electrical power to 
the energy storage device 32. In this sense, the electro-mechanical hybrid 

20 transmission 10 operates not only as a speed regulator similar to a conventional 
transmission, but also as a power regulator and power buffering device, for 
vehicle hybridization. 

During operation, an internal combustion engine or a prime mover (not 
shown) is operatively connected to the input shaft 16 of the electro-mechanical 

25 transmission 10, and a final drive (now shown) is operatively connected to the 
output shaft 18. 

Operating in a first state as a speed regulator only, all power received 
from the prime mover through the input shaft 16 is delivered to the output shaft 
18 except for that lost to internal power losses. 
30 During slow speed operation, clutch 24 is disengaged so that the first sun 

member 12A of the first planetary train 12 is disconnected from the second sun 
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member 14A of the second planetary train 14. Brake 26 is engaged to ground 
the second sun member 14 A, holding it stationary, such that the second 
planetary train 14 serves as a speed reduction device. 

At start up, when a vehicle equipped with the electro-mechanical hybrid 
5 transmission 10 is stationary, no power is required, but launch torque is needed 
for the maximum acceleration of the vehicle. The driving engine delivers zero 
power by providing zero torque, while the launch torque required to hold or 
accelerate the vehicle is provided solely by the second electric machine 22 
through the second planetary train 14 which serves as speed reduction gear. The 
10 motor torque delivered by the second electric machine 22 is amplified by a 
M 1 

factor of — OJ ^ L = 1 + — at the output shaft 1 8, such that the motor torque is a 

M motor! K l 

fraction of the output torque, motor2 = . At this moment, the second 

M output 1 + A: 2 

electric machine 22 is stationary, consuming no power except internal loss. First 
electric machine 20 is in reverse rotation, and provides zero torque. The 

15 operational state of the electro-mechanical hybrid transmission 10 is considered 
as a series-hybrid since the second electric machine is supplying 100% of the 
launch torque as if there were no mechanical link from the driving engine to the 
vehicle wheels via the output shaft 18. 

After start-up, as the vehicle accelerates and the kinetic energy builds, 

20 power to the output shaft 18 is required. The driving engine provides the power 
and, as a result, driving engine torque is increased (either by increasing a throttle 
opening under constant speed or by increasing driving engine speed under full 
throttle). To balance torque supplied by the driving engine, the torque of the first 
electric machine 20 is increased proportionally. The torque of the first motor is 

25 — of the input torque from the driving-engine. 

The driving engine torque increases until the driving engine is operating 
at maximum torque or power. From hereon the driving engine operates at a 
constant speed and supplies a constant power level to the input shaft 16. 
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After start-up, the torque load of the electro-mechanical hybrid 
transmission 10 is shared by the driving engine and the second electric machine 
22. In this sense, the second electric machine 22 is operated as a motor and the 
first electric machine 20 is operated as a generator, supplying electric power to 
5 the second electric machine 22 through the power control unit 30. Figure 2 
through Figure 4 illustrate speed, torque, and power of each electric machine 20, 
22 as a function of the output shaft 18 speed when receiving a constant input 
torque and power level from the driving engine. 

As the output speed (and correspondingly the vehicle speed) increases, 
10 the speed of the second electric machine 22 increases and the speed of first 
electric machine 20 decreases in magnitude until the first electric machine 20 
comes to a standstill at a first node point. At this first node point, the second 
planetary train 14 is in a "free-wheeling" state, with no torque acting on any 
members of the second planetary train 14. Zero electric current in the second 
15 electric machine 22 further identifies this point. Therefore, no power is passing 
through either electric machine 20, 22. The first node point marks the end of the 
slow-speed operational mode or regime and the beginning of the high-speed 
operational mode or regime. 

It can be shown that in the first regime where the output-to-input speed 

K co K 

20 ratio is grater than zero and less than — , i.e. 0 < — — < — , the power 

K t + 1 co in K x +\ 

that passes through the electric machines 20, 22, designated as P e icctric, is 
proportional to the power that is being transmitted through the electro- 
mechanical hybrid transmission 10, designated as Ptransmission- Assuming no net 
electric power is being drawn from or delivered to the electro-mechanical hybrid 
25 transmission 10, then this can be expressed as 



P 

■* electric 



l 



f O 



l+- 



CO. 



transmission • Therefore, the power P e iectr»c that passes 



through the electric machines 20, 22 is always less than the power Ptransmission 
that is being transmitted through the electro-mechanical hybrid transmission 10, 



WO 03/035421 PCT/US02/32982 

-11- 

fi.e. P t . < R, )• There is no internal power circulation between the 

V 1 -^* electric — transmission / * 

electric machines 20, 22. 

At the first node point, once the control unit determines that the vehicle 
is going to continue operation into a high-speed mode or regime, brake 26 is 
5 disengaged to release the second sun member 14A, and clutch 24 is engaged to 
couple between the first sun member 12A and the second sun member 14A. 
This results in each sun member 12A, 14A rotating together as a single unit. The 
regime transition is smooth in speed, torque, and power as indicated in Figure 2 
to Figure 4. This is because both the first and second sun members 12 A, 14A 

10 are initially at zero speed and the second planetary train 14 is momentarily in a 
free-wheeling state upon release of the brake 26. 

As vehicle speed continues to increase, the torque of second electric 
machine 22 changes direction, and the speed of the second electric machine 22 
decreases. The second electric machine 22 eventually transitions to a generator 

15 state, supplying electrical power through the power control unit 30 to the first 
electric machine 20. Concurrently, the rotational of the first electric machine 20 
changes direction, and the torque of the first electric machine 20 starts to 
decrease. The first electric machine 20 eventually transitions to a motor state, 
receiving electrical power generated from the second electric machine 22. 

20 The speed of the second electric machine 22 and the torque of the first 

electric machine 20 continue to reduce as the vehicle speed further increases. 
Eventually, the second electric machine 22 comes to a standstill, at which point 
the torque of the first electric machine 20 is zero. This is a second node point at 
which no power passes through either electric machine 20, 22. Figure 5 provides 

25 an overview of the different operating states or regimes over transmission speed 
ratio range, as well as the clutch and brake positions. 

During operation between the first and the second node points, it can be 
shown that the power P e iectric to the electric machines is always less than the 
power Ptransmission that is being transmitted through the elector-mechanical hybrid 

30 transmission 10. In fact, the maximum power to the electric machines, Pmax, is 
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only a fraction of the transmission power Ptransmission: P^ x = rr . ^transmission » 

where <}> is the nominal speed ratio range, defined as the ratio of the output-to- 
input speed ratios at the second node point to the first node point. 

After passing the second node point as the vehicle speed further 

5 increases, the torque of the first electric machine 20 and the speed of the second 
electric machine 22 change their directions. Consequently, the first electric 
machine 20 operates as a generator again, supplying electric power to the second 
electric machine 22 through the power control unit 30. The second electric 
machine 22 operates as a motor, converting the electric power received from the 

10 first electric machine 20 into mechanical power to drive the output shaft 18. 

During reverse operation, the electro-mechanical hybrid transmission 10 
can operate in a number of possible modes. Assuming there is an on-board 
energy storage device 32 such as a battery, the vehicle can operate in reverse in 
a pure electrical mode. As in the slow-speed operation mode, the clutch 24 is 

15 disengaged to uncouple the first sun member 12A from the second sun member 
14 A, and brake 26 is engaged to ground the second sun member 14A. 

When the power control unit 30 determines the vehicle is transitioning to 
reverse operation, the first electric machine 20 is switched off and is left in a 
free-wheeling state (this can be achieved, for instance, by using switch reluctant 

20 motors). Power from the storage device 32 is channeled to the second electric 
machine 22, which is now solely powering the vehicle through the output shaft 
IS, in a reverse direction. In this mode, the driving engine can either be shut off 
or remain in an idle state, supplying no power or torque to the input shaft 16. 

It is also possible to reverse the vehicle with the electro-mechanical 

25 hybrid transmission 10 in a series-hybrid mode without drawing power from 
energy storage device 32. All power supplied comes directly from the driving 
engine through a series configuration (engine to generator to motor to wheel). In 
this case, the energy storage device 32 may or may not be necessary. This mode 
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of operation can be achieved by the alternate embodiment shown in Figure 8 
and described below. 

Referring to Figure 6, there is shown an alternate embodiment 100 of the 
transmission of the present invention. The alternate embodiment 100 is a direct 
5 derivative of the embodiment shown in Figure 1, and includes two planetary 
trains 1 12, 1 14. Each planetary train includes a sun member 1 12A, 1 14A, a ring 
member 112B, 114B, a plurality of planet gears 112C, 114C, and a planet 
carrier 11 2D, 114D. Unlike the first embodiment, a power input shaft 102 is 
connected to the first sun member 11 2A of the first planetary train 112, and a 

10 power output 104 is coupled to the planet carrier 1 12D. 

The first electric machine 20 is connected to the second sun member 
114A of the second planetary train 114. The second electric machine 22 is 
connected to the first ring member 112B of the first planetary train 112. The 
second ring member 114B of the second planetary train 114 is selectively 

15 connected to the first ring member 1 12B of the first planetary train 1 12 through 
a clutch 120 or grounded to a ground (fixed or non-rotating) member 122 by a 
brake 124. 

With additional clutches and brakes, the functionality of the basic 
embodiments can be enhanced. Such enhancements are shown in two additional 

20 embodiments shown in Figure 7 and Figure 8, described below. 

Figure 7 shows an embodiment 200 which is a derivative of the 
embodiment shown in Figure 1 including two planetary trains 212, 214. Each 
planetary train includes a sun member 212A, 214A, a ring member 212B, 214B, 
a plurality of planet gears 212C, 214C, and a planet carrier 212D, 214D. A 

25 second clutch 202 and a second brake 204 are added to the electro-mechanical 
hybrid transmission 200. The brake 204 can be used to ground the second ring 
member 214B of the second planetary train 214 when the second electric 
machine 22 comes to a standstill, and can be used in conjunction with brake 26 
to provide a parking function. Clutch 202 is used to disconnect the input shaft 

30 210 from the first ring member 212B of the first planetary train 212 when both 



WO 03/035421 



PCT7US02/32982 



-14- 

electric machines 20, 22 are required to power the vehicle for maximum power 
through the output shaft 216 in a pure electric drive mode. 

Figure 8 shows another embodiment 300 of the present invention which 
is a derivative of the embodiment shown in Figure 7 including two planetary 
5 trains 312, 314. Each planetary train includes a sun member 312A, 314A, a ring 
member 312B, 314B, a plurality of planet gears 312C, 314C, and a planet 
carrier 31 2D, 314D. Compared with alternate embodiment 200, a third clutch 
302 and a third brake 304 are added. Clutch 302 is used to selectively connect 
the first planet carrier 31 2D of the first planetary train 312 to the second planet 
10 carrier 314D of the second planetary train 314. The brake 304 is used to ground 
the first planet carrier 31 2D of the first planetary train 312 when directed by the 
control unit 30. 

With the addition of clutch 302 and brake 304, it is possible to operate 
the transmission 300 in series-hybrid configuration over a wide speed range. In 

15 series configuration, clutch 320 is engaged, connecting the input shaft 321 to the 
first ring member 312B. Brake 304 is engaged to ground the first planet carrier 
member 31 2D. Clutch 302 is disengaged to disconnect the first carrier member 
31 2D of the first planetary train 312 from the second planet carrier member 
314D of the second planetary train 314. Clutch 24 is also disengaged to 

20 disconnect the first sun member 312A of the first planetary train 312 from the 
second sun member 314A of the second planetary train 314. Brake 26 is 
engaged to ground the second sun member 314A of the second planetary train 
314. The two planetary trains 312 and 314 are de-attached from each other. The 
first planetary train 312 functions as a speed increaser from the input shaft 321 

25 to the first electric machine 20. The second planetary train 314 functions as a 
speed reducer from the second electric motor 22 to the output shaft 324. 

The mechanical power received through input shaft 321 from the driving 
engine drives the first electric machine 20 through the first planetary train 312. 
The first electric machine 20 in turn generates electric power to power the 

30 second electric machine 22 through the power control unit 30. The second 



WO 03/035421 



PCT/US02/32982 



-15- 

electric machine 22 then delivers power to the output shaft 324 through the 
second planetary train 314. 

Although the series-hybrid configuration can operate over a wide speed 
range from reverse to forward, it shows distinct advantages when operated in 

5 reverse mode by avoiding internal power circulation. The transition from 
forward to reverse, or vice versa, can be made smooth in speed, torque and 
power. At zero vehicle speed, the first and second carrier members 31 2D and 
314D in both planetary trains 312, 314 are stationary. The first planetary train 
312 is at free-wheeling state, and no torque is acting on the first planet carrier 

10 312D. 

The term "electric machine" as used throughout this disclosure refers to 
any type of electric motor and generator, as well as to any type of gearheaded 
motors which contain a gear set and a motor. 

In view of the above, it will be seen that the several objects of the 
15 invention are achieved and other advantageous results are obtained. As various 
changes could be made in the above constructions without departing from the 
scope of the invention, it is intended that all matter contained in the above 
description or shown in the accompanying drawings shall be interpreted as 
illustrative and not in a limiting sense. 

20 
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Claims 

1 . An electro-mechanical vehicle power transmission comprising: 

a pair of planetary trains, each of said pair of planetary train having a 
ring member, a sun member, a plurality of planet members engaged with said 
5 ring member and said sun member, and a planet carrier configured to hold said 
planets in an annular space between said ring and said sun members; 

a pair of electric machines; 

a power control unit electrically coupled to each electric machine in said 
pair of electric machines; and 
10 at least one torque transfer device that can selectively couple one or 

more members of a first planetary train of said pair of planetary trains to one or 
more members of a second planetary train of said pair of planetary trains to 
transfer torque. 

2. The electro-mechanical vehicle power transmission of Claim 1 
1 5 wherein each of said pair of electric machines includes a motor operational state 

to covert electric energy to mechanical energy and a generator operation state to 
convert mechanic energy to electric energy. 

3. The electro-mechanical vehicle power transmission of Claim 1 
further including a pair of external power couplers, a first of said external power 

20 couplers configured to receive mechanical power from a prime mover; and a 
second of said external power couplers configured to deliver mechanical power 
to a driven member. 

4. The electro-mechanical vehicle power transmission of Claim 3 
including at least one member of a first planetary train of said pair of planetary 

25 trains operatively connected to one of said pair of electric machines; and 

at least one member of said first planetary train operatively connected to 
one of said external couplers. 

5. The electro-mechanical vehicle power transmission of Claim 4 
including at least one member of a second planetary train of said pair of 

30 planetary trains operatively connected one of the electric machines; and 
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at least one member of said second planetary train operatively connected 
to one of said external couplers. 

6. The electro-mechanical vehicle power transmission of Claim 1 
including one or more operative connections between each planetary train of 

5 said pair of planetary trains. 

7. The electro-mechanical vehicle power transmission of Claim 1 
including a brake configured to selectively hold at least one member of said pair 
of planetary trains stationary. 

8. The electro-mechanical vehicle power transmission of Claim 1 
10 wherein a first electric machine in said pair of electric machines is coupled to a 

sun member of a first planetary train in said pair of planetary trains; and 

a second electric machine in said pair of electric machines is coupled to 
a ring member of a second planetary train in said pair of planetary trains. 

9. The electro-mechanical vehicle power transmission of Claim 1 
15 wherein said torque transfer device comprises a clutch, said clutch selectively 

coupled between a first sun member of a first planetary train in said pair of 
planetary trains to a second sun member of a second of planetary train in said 
pair of planetary trains; and 

further including a brake selectively coupled between said second sun 
20 member and a ground component. 

10. The electro-mechanical vehicle power transmission of Claim 9 
further including a second clutch, said second clutch selectively coupling a ring 
member of said first planetary train to an external power coupler; and 

a second brake, said second brake selectively coupled between a second 
25 ring member of said second planetary train and said ground component. 

11. The electro-mechanical vehicle power transmission of Claim 10 
further including a third clutch, said third clutch selectively coupling a first 
planet carrier of said first planetary train in said pair of planetary trains to a 
second planet carrier of said second planetary train in said pair of planetary 

30 trains; and 
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a third brake, said third brake selectively coupled between said first 
planet carrier and said ground component. 

12. The electro-mechanical vehicle power transmission of Claim 1 
wherein said torque transfer device comprises a clutch, said torque transfer 

5 device operatively coupling a first ring member of a first planetary train in said 
pair of planetary trains to a second ring member of a second of planetary train in 
said pair of planetary trains. 

13. A method for delivering power from a prime mover to a driven 
component through a electro-mechanical hybrid transmission having a pair of 

10 planetary gear trains coupled between a input shaft and an output shaft, a pair of 
electric machines coupled to said planetary gear trains, and at least one torque 
transfer device selectively coupling between each planetary train in said pair of 
planetary trains, comprising: 

selectively routing through at least one planetary train in said pair of 
15 planetary trains a portion of mechanical power received from said prime mover 
to drive said driven component at a desired rotational speed; 
during a first operational state: 

• decoupling said first planetary train in said pair of planetary 
trains from said second planetary train in said pair of planetary 

20 trains at said torque transfer device; 

• converting a portion of mechanical power received from said 
driving engine into electrical power utilizing a first of said pair of 
electric machines; 

• routing said electrical power between said first of said pair of 
25 electric machines and a second of said pair of electric machines; 

• utilizing said electric power to drive said second of said pair of 
electric machines to provide mechanical power at said driven 
component through said pair of planetary trains; 
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during a second operational state: 

• coupling said first planetary train in said pair of planetary trains 
to said second planetary train in said pair of planetary trains at 
said torque transfer device; 

5 • converting a portion of mechanical power received from said 

driving engine into electrical power utilizing said second of said 
pair of electric machines; 

• routing said electrical power between said second of said pair of 
electric machines and said first of said pair of electric machines; 

10 • utilizing said electric power to drive said first of said pair of 

electric machines to provide mechanical power at said driven 
component through said pair of planetary trains; and 
during a third operational state: 

• coupling said first planetary train in said pair of planetary trains 
15 to said second planetary train in said pair of planetary trains at 

said torque transfer device; 

• converting a portion of mechanical power received from said 
driving engine into electrical power utilizing said first of said 
pair of electric machines; 

20 • routing said electrical power between said first of said pair of 

electric machines and said second of said pair of electric 
machines; 

• utilizing said electric power to drive said second of said pair of 
electric machines to provide mechanical power at said driven 

25 component through said pair of planetary trains. 

14. The method of Claim 13 for delivering power from a prime 
mover to a driven component further including the steps of: 

operating said electro-mechanical hybrid transmission in said first 
operational state below a first predetermined output-to-input speed ratio of said 
30 transmission; 
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operating said electro-mechanical hybrid transmission in said second 
operational state between said first predetermined speed ratio of said 
transmission and a second predetermined output-to-input speed ratio of said 
transmission; and 

5 operating said electro-mechanical hybrid transmission in said third 

operational state above said second predetermined speed ratio of said 
transmission. 

15. The method of Claim 13 for delivering power from a prime 
mover to a driven component further including smoothly transitioning between 
10 said first, second, and third operational states. 



WO 03/035421 



1/8 



PCT/US02/32982 



10 



f !2B 14B ^ 



12C-J- =t 



14C 



12D 



L7 



16 
IB 



i 



1 i 



14D 



n 

12A 



"X * 4A 28 



T"T 



26 



2c j y 



14C 



12 



14 



32 




20 



30 



22 




D — 5 



FIG . 1 



WO 03/035421 



2/8 



PCT/US02/32982 



o 
o 




(HdU) Q33dS dOiVb3N39/aO10W 



WO 03/035421 



3/8 



PCT/US02/32982 




i 



(g>JLJ) 3nDd01 U01Vb3N39/B010W 



WO 03/035421 PCT/US02/32982 

4/8 




WO 03/035421 



5/8 



PCTYUS02/32982 



o 



o 

CD . 



CJ 



o to 

°- s 
St 

CO 
CO LU 



U_ CD 
LU 



CD m ° 

z ex lu 

i-h CD £ 

i7 ^ co 



CO LU 

UJ oc H 

5 W w 

CD > 

HI oc S 

oc o £ 

LL_ Q 



g 



CO 

cc 



LU 

ac 



Q S 

ULJ CD 

S CD 

£ s 

UJ JO 

™ CD 

—j ;5 

CJ gc 

CD 



CO 
CO 



I 

o 



Q 

cu a 

CD lu 

•<£ CD 

Z CD 

LU z 

CO LU 

Q CO 

cvj uj 

m ^ 

Cf ex 

5 m 

—I 



CO 

>- 

CO 



o 



CD 

I— I 

CO 



cr 

Q 

CJ 
I— l 
CC 
I — 
CJ 
LU 
— I 
LU 



LD 

■ 

CD 
i — I 

Ll 



cc 



cc 

CO 



CO 
LU 

cc 

LU 
CO 



WO 03/035421 



6/8 



PCT/US02/32982 




FIG . 6 



WO 03/035421 



7/8 



PCT/US02/32982 




WO 03/035421 



8/8 



PCT/US02/32982 




312 314 



FIG . 8 



RNATIONAL SEARCH REPORT 



lntenV«-ina 



lal Application No 

PCT/US 02/32982 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 B60K6/04 F16H3/72 



According to International Patenl Classification (IPC) or to bolh national classificalion and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 B60K F16H 



Documentation searched other than minimum documentation to Ihe extent lhal such documents are included in the llelds searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal , PAJ, WPI Data 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category » 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



PATENT ABSTRACTS OF JAPAN 
vol. 2000, no. 15, 

6 April 2001 (2001-04-06) 

-& JP 2000 343964 A (TOYOTA MOTOR CORP), 
12 December 2000 (2000-12-12) 
abstract; figures 20-22 

US 3 982 448 A (POLAK JAMES C ET AL) 
28 September 1976 (1976-09-28) 
figure 4 

US 5 558 595 A (SCHMIDT MICHAEL R ET AL) 
24 September 1996 (1996-09-24) 
figure 12 

US 5 513 719 A (MIYAISH YOSHINORI ET AL) 

7 May 1996 (1996-05-07) 
figure 3 



1-8 



13-15 
13-15 

1-7 
13 

1,3-7 
13 



-/-- 



Further documents are listed in the continuation of box C. 



|X I Patent family members are listed i 



• Special categories of cited documents : 

*A" document defining the general state of the art which is not 

considered to be of particular relevance 
'E" earlier document but published on or after the international 

riling date 

•L" document which may throw doubts on priority daim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

'O 1 document referring loan oral disclosure, use, exhibition or 
other means 

a P a document published prior to the international filing dale but 
later than Ihe priority date claimed 



'T* later document published after Ihe international fifing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

•X' document of particular relevance; the claimed invenlion 
cannot be considered novel or cannot be considered 10 
involve an inventive step when the document is taken alone 

■Y* document of particular relevance; the claimed invenlion 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

•a' document member of the same patent family 



Date of Ihe actual completion of the International search 



30 January 2003 



Dale of mailing of Ihe international search report 



06/02/2003 



Name and mailing address of the ISA 

European Patenl Office. P.B. 5B18 Patentlaan 2 
NL-2260 HV Rijswijk 
TeL (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Aulhorized officer 



Goeman, F 



Foim PCT/1SA/210 (second shoot) (July 1092) 



IN^NATIONAL SEARCH REPORT 


"intemBonal Application No 

PCT/US 02/32982 


C.(Contlnuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 




Category • 


Citation of document, with indication .where appropriate, of the relevant passages 


Relevant lo claim No. 


X 
A 


US 5 558 588 A (SCHMIDT MICHAEL R) 
24 September 1996 (1996-09-24) 
figures 




1-7 
13 


A 


EP 0 829 386 A (TOYOTA MOTOR CO LTD) 
18 March 1998 (1998-03-18) 
figures 




1.13 



Form PCMSA/210 (continuation of second sheet) (July 1992) 



if O RNATIONAL SEARCH REp o RT 

Information on patent family members 



Interred 



yrfbnal Application No 

PCT/US 02/32982 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



Jp 


2000343964 


A 


12-12- 


-2000 


NONE 




— 


us 


3982448 


A 


28-09- 


•1976 


CA 


1030784 Al 


09-05-1978 








DE 


2609282 Al 


30-09-1976 












FR 


2305654 Al 


22-10-1976 












GB 


1 A Qftft A O A 

1480043 A 


on H7— 1Q77 












IT 


1057996 B 














JP 


1101438 C 


25-06-1982 












JP 


51140068 A 


02-12-1976 












JP 


56045021 B 


23-10-1981 












SE 


434560 B 


30-07-1984 












SE 


7603636 A 


<io-uy-iy /o 


us 


5558595 


A 


24-09- 


-1996 


NONE 






— — 

us 


— — 
5513719 


A 


07-05- 


-1996 


JP 


2967103 B2 


25-10-1999 








JP 


6328950 A 


29-11-1994 












us 


BM££70 r" 

RE3oo78 t 


no nconnn 
Uc— uO— C.UUU 


us 


5558588 


A 


24-09- 


-1996 


NONE 






EP 


0829386 


A 


18-03- 


-1998 


JP 


3050138 B2 


12-06-2000 








JP 


10094107 A 


10-04-1998 












CN 


1176904 A ,B 


25-03-1998 












DE 


69707383 Dl 


22-11-2001 












DE 


69707383 T2 


27-06-2002 












EP 


0829386 A2 


18-03-1998 












US 


5914575 A 


22-06-1999 



Form PCT/ISA/210 (patent lamity annex) {July 1992) 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
1 May 2003 (01,05.2003) 




PCT 



(10) International Publication Number 

WO 03/035421 Al 



(51) International Patent Classification 7 : B60K 6/04, 

F16H 3/72 

(21) International Application Number: PCT/US02/32982 

(22) International Filing Date: 15 October 2002 (15.10.2002) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

60/343,336 



22 October 2001 (22.10.2001) US 



(71) Applicant (for all designated States except US): THE 
TIMKEN COMPANY [US/US]; 1835 Dueber Avenue 
SW, Canton, OH 44706-0930 (US). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): Al,Xiaolan [US/US]; 
4480 Noble Loon Street NW, Massillon, OH 44646 (US). 



(74) Agent: BOOKS, Mark, E.; Polster, Lieder, Woodruff & 
Lucchesi, L.C., 763 South New Ballas Road, St. Louis, 
MO 63141 (US). 

(81) Designated States (national): AH, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, MR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG, 
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, 
VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK, 
TR), OAPI patent (BF, B J, CF, CG, CI, CM, GA, GN, GQ, 
GW, ML, MR, NE, SN, TD, TG). 

[Continued on next page] 



^= (54) Title: ELECTRO-MECHANICAL INFINITELY VARIABLE TRANSMISSION 



ID 

O 



120 



=^ 18 




I— 1* 28 



32 




(57) Abstract: An electro -mechan- 
ical vehicle power transmission (10) 
comprises two planetary trains (12, 
14) defining mechanical pathways, 
two electric machines (20, 22) 
defining an electrical pathway, 
and at least one torque transfer 
device (24) that can selectively 
couple between one component and 
another component or components 
to transfer torque. Each planetary 
train includes a sun member (12A, 
14A), a ring member (12B, 14B), 
and a plurality of planet members 
(12C, 14C) engaged with the ring 
member and the sun member. Each 
planetary train includes a planet 
carrier (12D, 14D) configured to 
hold the planet members in an 
annular space between the ring 
member and the sun members. Each 
electric machine can be operated 
either as a motor to covert electrical 
energy to mechanical energy or 
as a generator to convert mechanic 
energy to electric energy. A first 
external coupler (16) receives 
mechanical power from a prime 
mover while a concentrically 
disposed second external coupler 
(18) delivers mechanical power to a 
driven member. 



WO 03/035421 Al IIIIIIIIIIIIIIM 



Published: 

— with international search report 

— with amended claims 

Date of publication of the amended claims: 1 1 December 2003 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations "appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



WO 03/035421 



21 



PCT/US02/32982 



AMENDED CLAIMS 

[received by the International Bureau on 03 April 2003 (03.04.03); 
original claim 1 amended; other claims unchanged] 



1 . An electro-mechanical vehicle power transmission comprising: 
a pair of planetary trains, each of said pair of planetary train having a ring 

member, a sun member, a plurality of planet members engaged with said ring 
5 member and said sun member, and a planet carrier configured to hold said 

planets in an annular space between said ring and said sun members; 
a pair of electric machines; 

a power control unit electrically coupled to each electric machine in said 
pair of electric machines; 
10 at least one torque transfer device that can selectively couple one or more 

members of a first planetary train of said pair of planetary trains to one or more 
members of a second planetary train of said pair of planetary trains to transfer 
torque; 

at least one braking device configured to selectively ground at least one 
15 member of said pair of planetary trains; and 

at least one of said pair of electric machines operative^ connected to a 
member of a member of a first planetary train of said pair of planetary trains and 
selectively connected to a member of a second planetary train of said pair of 
planetary trains. 

20 2. The electro-mechanical vehicle power transmission of Claim 1 

wherein each of said pair of electric machines includes a motor operational state 
to covert electric energy to mechanical energy and a generator operation state to 
convert mechanic energy to electric energy. 

3. The electro-mechanical vehicle power transmission of Claim 1 

25 further including a pair of external power couplers, a first of said external power 
couplers configured to receive mechanical power from a prime mover; and a 
second of said external power couplers configured to deliver mechanical power 
to a driven member. 
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4- The electro-mechanical vehicle power transmission of Claim 3 
including at least one member of a first planetary train of said pair of planetary 
trains operatively connected to one of said pair of electric machines; and 

at least one member of said first planetary train operatively connected to 
5 one of said external couplers. 

5. The electro-mechanical vehicle power transmission of Claim 4 
including at least one member of a second planetary train of said pair of 
planetary trains operatively connected one of the electric machines; and 

at least one member of said second planetary train operatively connected 
10 to one of said external couplers. 

6. The electro-mechanical vehicle power transmission of Claim 1 
including one or more operative connections between each planetary train of said 
pair of planetary trains. 

7. The electro-mechanical vehicle power transmission of Claim 1 
15 including a brake configured to selectively hold at least one member of said pair 

of planetary trains stationary. 

8. The electro-mechanical vehicle power transmission of Claim 1 
wherein a first electric machine in said pair of electric machines is coupled to a 
sun member of a first planetary train in said pair of planetary trains; and 

20 a second electric machine in said pair of electric machines is coupled to a 

ring member of a second planetary train in said pair of planetary trains. 

9. The electro-mechanical vehicle power transmission of Claim 1 
wherein said torque transfer device comprises a clutch, said clutch selectively 
coupled between a first sun member of a first planetary train in said pair of 

25 planetary trains to a second sun member of a second of planetary train in said 
pair of planetary trains; and 

further including a brake selectively coupled between said second sun 
member and a ground component. 
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10. The electro-mechanical vehicle power transmission of Claim 9 
further including a second clutch, said second clutch selectively coupling a ring 
member of said first planetary train to an external power coupler; and 

a second brake, said second brake selectively coupled between a second 
5 ring member of said second planetary train and said ground component 

11. The electro-mechanical vehicle power transmission of Claim 10 
further including a third clutch, said third clutch selectively coupling a first planet 
carrier of said first planetary train in said pair of planetary trains to a second 
planet carrier of said second planetary train in said pair of planetary trains; and 

10 a third brake, said third brake selectively coupled between said first 

planet carrier and said ground component, 

12. The electro-mechanical vehicle power transmission of Claim 1 
wherein said torque transfer device comprises a clutch, said torque transfer 
device operatively coupling a first ring member of a first planetary train in said 

15 pair of planetary trains to a second ring member of a second of planetary train in 
said pair of planetary trains. 

13. A method for delivering power from a prime mover to a driven 
component through a electro-mechanical hybrid transmission having a pair of 
planetary gear trains coupled between a input shaft and an output shaft, a pair of 

20 electric machines coupled to said planetary gear trains, and at least one torque 
transfer device selectively coupling between each planetary train in said pair of 
planetary trains, comprising: 

selectively routing through at least one planetary train in said pair of 
planetary trains a portion of mechanical power received from said prime mover 
25 to drive said driven component at a desired rotational speed; 
during a first operational state: 
• decoupling said first planetary train in said pair of planetary trains 
from said second planetary train in said pair of planetary trains at 
said torque transfer device; 
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• converting a portion of mechanical power received from said 
driving engine into electrical power utilizing a first of said pair of 
electric machines; 

• routing said electrical power between said first of said pair of 
5 electric machines and a second of said pair of electric machines; 

• utilizing said electric power to drive said second of said pair of 
electric machines to provide mechanical power at said driven 
component through said pair of planetary trains; 

dining a second operational state: 
10 • coupling said first planetary train in said pair of planetary trains to 

said second planetary train in said pair of planetary trains at said 
torque transfer device; 

• converting a portion of mechanical power received from said 
driving engine into electrical power utilizing said second of said 

1 5 pair of electric machines; 

• routing said electrical power between said second of said pair of 
electric machines and said first of said pair of electric machines; 

• utilizing said electric power to drive said first of said pair of 
electric machines to provide mechanical power at said driven 

20 component through said pair of planetary trains; and 

during a third operational state: 

• coupling said first planetary train in said pair of planetary trains to 
said second planetary train in said pair of planetary trains at said 
torque transfer device; 

25 • converting a portion of mechanical power received from said 

driving engine into electrical power utilizing said first of said pair 
of electric machines; 

• routing said electrical power between said first of said pair of 
electric machines and said second of said pair of electric 

30 machines; 
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• utilizing said electric power to drive said second of said pair of 
electric machines to provide mechanical power at said driven 
component through said pair of planetary trains. 

14. The method of Claim 13 for delivering power from a prime mover 
5 to a driven component further including the steps of 

operating said electro-mechanical hybrid transmission in said first 
operational state below a first predetermined output-to-input speed ratio of said 
transmission; 

operating said electro-mechanical hybrid transmission in said second 
10 operational state between said first predetermined speed ratio of said 
transmission and a second predetermined output-to-input speed ratio of said 
transmission; and 

operating said electro-mechanical hybrid transmission in said third 
operational state above said second predetermined speed ratio of said 
15 transmission. 

15. The method of Claim 1 3 for delivering power from a prime mover 
to a driven component further including smoothly transitioning between said 
first, second, and third operational states. 
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